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Abstract 
Circulating Fluidized Bed with gas-solid phases flow was set up in this paper. The gas and solid two phases flow and 
distribution of particle concentration in the tangential swirl/straight composite fluidized desulphurization tower  was 
measured by Laser Doppler Particle Dynamic Analyzer(PDA). The results indicate that the axial velocity is high at 
the centre and low near the wall at the bottom of desulphurization tower, where the particle concentration has 
opposite situation, which forms typical annular-core flowing characters. At the range from 0.7R to 1.0R of the wall 
on the bottom of desulphurization tower, it forms stable rotational flow field and particle suspension layer. The space 
in the tower can be divided into three parts, straight flow zone at the centre, particle suspension zone and reflux zone 
close to the surface. The stable inner circulation of the materials generated. When swirl inlet is half closed, the 
circulation effect is reduced and the high concentration near the wall is decreased. With drop of the velocity inside, 
the particles settled obviously and its concentration increases. 
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1. Instruction 
Circulating Fluidized bed (CFB) flue gas desulphurization was widely used for its high efficiency, 
low investment and small area occupied [1]. The circulation of the solids [2, 3] in the desulphurization tower 
is important in the CFB reactor, which can improve the desulphurization efficiency and the utilization rate 
of the sorbent. Great efforts have been made to improve the inner circulation of CFB reactor, for example 
separating unit at the outset of the reactor [4], the optimized structure of tower exit [5, 6]. The gas-solid flow 
with axial straight/rotating composite fluidization was researched by Hao X W[7, 8], the results showed 
that straight/rotating composite fluidization can enhance the inner circulation of the reactor. On the basis 
of which, the tangential straight/rotating composite fluidization is proposed in this particle. The 
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advantages of this desulphurization reactor are easy to control flux of the tangential flow, not easy to be 
worn and seldom blockage. 
In this paper, the cold model experimental system of the particle flowing from the top of the CFB was set up 
and the circulating character of particles were measured with laser Doppler measurement, in order to clear 
the law of the particles fallback on the top of the reactor and perfect the desulphurization tower. 
2. Experimental Systems 
2.1. experimental systems 
Figure 1 shows the experiment device, which consists of CFB reactor, particle feeding device, cyclone 
separator and draft fan. The experimental particles are fine glass bead with 95% roundness, 1.5 refractive 
index, 2300kg/m3 density and 45μm average diameter. 
The reactor is made of grass, with angle iron supporting in the convenience of observation and 
measurement. The diameter of the reactor is 300mm, with height of 2000mm. The tangential rotation inlet 
unit is installed at the bottom of the reactor. The flux of the rotation can be adjusted by changing the 
quantity of the tangential inlet. 
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Fig 1 experiment system and tangential swirl/straight 
 
2.2. measurement system 
Three-dimension particle dynamic analyzer (PDA) made by DANTEC Company is used in gas-solid 
flow and particle concentration measurable. As a indirect measurement equipment, PDA is based on the 
Doppler principle and can get the distribution of velocity, particle diameter and concentration at the same 
time. The measurement accuracy of the velocity is 5%, and concentration is 30%[8]. Each point measured 
3000 particles in limited 60s, of which the 0~5μm particles represent gas phase in the experiment. 
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3. Results and Discussion 
3.1. gas-solid axial velocity distribution 
Figure 2 shows the axial velocity distribution of gas and solid in the reactor. It can be seen that the 
axial velocity in the center of the reactor is higher than that at the wall surface. At the bottom of the 
reactor, annular-core flow structure is found. Near the wall surface of the reactor, recirculation zone 
appeared which enhance the mixing of gas and solid. Uniform distribution of gas and particle axial 
velocity was observed along axial direction in the reactor. After 2.3D, the two phase axial velocity varies 
little along the radial direction. After half of the swirl inlet is closed, the gas and solid axial velocity in the 
center of the reactor become larger, but rapidly decayed.  With the decrease of the superficial gas velocity, 
the gas and solid velocity in the reactor reduce, that is benefit to the particle sedimentation and the form 
of the inner circulation. 
3.2. gas-solid tangential velocity distribution 
At the bottom of the reactor, the swirl flow appears in the region of 0.7R-1.0R, as is shown in fig 4. 
At the center of the reactor, gas and solid tangential velocity is lowest. With the increase of the radius, the 
tangential velocity becomes larger and larger. In the region of 0.8R-0.9R, the largest tangential velocity 
appears. Toward the wall, tangential velocity becomes smaller and smaller for the wall effects. In the area 
of largest tangential velocity, the axial velocity is lowest. The solid suspend in this area. The solid is 
separated under centrifugal force and recycle in the reactor. The residence time of solid is also be 
prolonged.  Along the radial direction, the flow region in the reactor can be divided to three areas: straight 
area, suspension area and reflux area. The stable inner circulation of solid is formed. 
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Fig 3 the distribution of axial velocity 
1982  Zhang Liqiang et al.\ / Energy Procedia 14 (2012) 1979 – 19854 Author name / Energy Procedia 00 (2011) 000–000 
0.0 0.2 0.4 0.6 0.8 1.0
-1
0
1
Relative radius/r/R
-1
0
1
-1
0
1
-1
0
1
2.3D
R
el
at
iv
e 
ta
ng
en
tia
l v
el
oc
ity
-1
0
1
3.0D
-1
0
1
5.0D
1.66D
1.0D
 gas
 solid
0.66D
      
0.0 0.2 0.4 0.6 0.8 1.0
-1
0
1
Relative radius/r/R
-1
0
1
-1
0
1
-1
0
1
2.3D
-1
0
1
3.0D
-1
0
1
5.0D
1.66D
1.0D
0.66D
R
el
at
iv
e 
ta
ng
en
tia
l v
el
oc
ity
 gas
 solid
      
0.0 0.2 0.4 0.6 0.8 1.0
-1
0
1
-1
0
1
-1
0
1
-1
0
1
2.3D
-1
0
1
3.0D
-1
0
1
Relative radius/r/R
5.0D
1.66D
1.0D
0.66D
 gas
 solid
R
el
at
iv
e 
ta
ng
en
tia
l v
el
oc
ity
 
 6 swirl inlet Ug=1.11m/s                          3 swirl inlet Ug=1.11m/s                      3 swirl inlet Ug=0.68m/s 
Fig 4 the distribution of tangential velocity 
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Fig 5 the distribution of radial velocity 
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In the center of the composite fluidized composition, the gas and solid axial velocity is higher than that 
in the wall surface. There are intense momentum exchange between the straight area in the center and 
swirl area at the surface. The rotation flow decayed quickly, so the tangential velocity also rapidly along 
the axial direction. At 5.0D, the gas and solid tangential velocity decrease to zero. After half of the swirl 
inlet is closed, rotation flow decrease. The area influence by the swirl decrease, also. 
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Fig 6 the distribution of solid concentration 
3.3. gas-solid radial velocity distribution 
In the core of the reactor, the direction of radial velocity is toward the surface, while at the area of near 
the surface, the radial velocity is either positive or negative. The reason is that there are solid exchange 
between the core area and the reflux area.   
3.4. 3.5. solid concentration distribution 
Fig 6 shows the relative solid concentration distribution under different working conditions. It can be 
seen that in the center of the reactor the solid concentration is lower; while near the surface high 
1984  Zhang Liqiang et al.\ / Energy Procedia 14 (2012) 1979 – 19856 Author name / Energy Procedia 00 (2011) 000–000 
concentration appears. After half of the swirl inlet is closed, rotation flow decrease. The centrifugal effect 
caused by swirl flow decrease. As the results, the solid concentration decrease. With the decrease of the 
superficial gas velocity, on the one hand centrifugal effect is strengthened, on the other hand gravity 
setting enhanced. That lead to the increase of the solid concentration and the enhancement of inner 
circulation.   
4. conclusions 
The diameter of the desulphurization tower with tangential swirl/straight composite fluidized unit 
gradually increases in the axial direction. The axial velocity decreases gradually, that is beneficial to the 
sedimentation of the particle. The gas and solid axial velocity is high in center and low all around, reflux 
area appears near the surface. Therefore, the flow disturbance and gas-solid mixing enhances, that lead to 
a higher intensity in internal circulation 
At the bottom of the reactor, stable swirl flow appears 0.7R-1.0R in the radial direction. The tangential 
velocity is highest and the axial velocity is lowest, where is the suspension layer. The solid is separated to 
the wall and reflux along the wall under centrifugal force and gravity action. Then the reactor can be 
divided to three regions: straight flow area, suspension layer and reflux area. 
The solid concentration in the center of the reactor is lower than that near the surface, annular-core 
flow structure is observed. After half of the swirl inlet is closed, rotation flow decrease. The centrifugal 
effect caused by swirl flow decrease. As the results, the solid concentration decrease. With the decrease of 
the superficial gas velocity, gravity setting enhanced. That led to the increase of the solid concentration 
and the enhancement of inner circulation. 
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